Introduction
Most of the United States has been transformed by human activity ( e g , Croiloil 1983 ). Deforestation, elimina-settlement and activity (Yaeger & Channdonnet 1993) . Less intensive activities occur in most of the state, including hunting, fishing, subsistence activities, hiking, snowmobiling, seismic exploration for oil, and activities causing fallout of airborne pollutants.
Alaska faces a variety of development pressures. Logging in the Tongass National Forest in southeast Alaska has generated considerable controversy (Soderberg & DuRette 1988; Ketchum & Ketchunl 1994) , as has proposed logging in Chugach National Forest on the southcentral coast and in Tanana State Forest in the interior (Matz 1995) . Proposed oil exploration in the Arctic National Wildlife Refuge, the National Petroleum ReserveAlaska, and Cook Inlet represents a contentious extension of existing oil development (Strohmeyer 1993) . Public roads to the North Slope oil fields and to Whittier in Prince Willianl Sound will generate development in pristine areas (Alaska Geographic Society 1983) . Development along Alaska's existing road system is occurring, especially between Anchorage and Denali National Park and on the Kenai Peninsula. Native corporations, owners of 11.8% of Alaska lands, operate as westernized, profit-making businesses; some have begun clearcutting and mineral extraction on Alaskan Native lands, formerly used only for traditional hunting and fishing (Rude 1996) .
Alaska's biodiversity is generally considered depauperate. This is true only if species richness is considered. Alaska, however, preserves ecological and geological processes-such as deglaciation, migrations of ungulates, anadromous fish runs, undammed rivers, and viable populations of terrestrial and marine large carnivores-that have vanished from much of the rest of the United States (Pielou 1991 ; Duffy 1997) . Alaska also preserves ecosystems that have become scarce elsewhere. Only 11% of its coastal temperate rainforest has been logged, compared with 96% in Oregon, 75% in Washington, and 55% worldwide (Kellogg 1992) . Similarly, only 0.1% of wetlands in Alaska were lost between the 1780s and 1980s, compared to a 53% loss in the conterminous Unites States (Dahl 1990 in Noss et al. 1995 . Alaska, as part of Beringia, is also a key to the origins of North American human, plant, and animal life, preserving traces of the Bering land bridge species and communities (Hopkins et al. 1982; Elias 1995) . Finally, and perhaps most important, Alaska is one of the few places left in the world where beleaguered, but intact, indigenous communities of hunter-gatherers have a realistic chance of a sustainable future (Berger 1985) .
Alaska's economy is driven by petroleum (Strohmeyer 1993; Institute of Social and Economic Research 1997) .
Other industries, such as mining, fishing, forestry, and tourism, although locally important, don't produce the revenue that oil does (Institute of Social and Economic Research 1997) . Oil production has been declining, and the state has begun to step up utilization of other resources to compensate, as well as making more areas available for oil exploration. The stage is set for an escalation in what is already a vigorous and often vituperous debate over limits to development. Where will the state find the resources to maintain services in its vast territory and rugged northern climate without damaging its natural heritage? How can resource development expand without affecting Native Alaskan traditional use of natural resources?
One of the keys to any successful outcome is the availability of information that identifies natural features at risk from development. This information can help steer development away from the most sensitive areas or species, focus research on establishing effective protected areas, and develop new techniques that minimize disturbance or ameliorate unavoidable disturbance ( e g , Rebelo & Siegfried 1992; Pressey et al. 1993) .
The Alaska National Interest Lands Conservation Act (1980) attempted to protect the fill1 range of ecosystems found in the state, but the success of this effort in preserving representative natural cotnmunities and species has never been analyzed. We provide a first analysis to determine which ecosystems are at risk in Alaska. We exanline the degree of protection for different ecoregions, land-cover types, and highly vulnerable plant species to undertake a coarse-scale assessment of whether existing protected lands are adequate in size and location to preserve Alaska's biodiversity in the face of current and future development.
Methods
To evaluate whether conservation areas contain the biotic and abiotic environments that represent the range of variation in biodiversity found within Alaska, we conducted a representativeness assessment (Austin & Margules 1986; Mackep et al. 1988 ). Such an assessment should include species, conlmunities (Scott et al. 1988) , and landscape-scale ecosystems (Ehrlich & Ehrlich 1981; Foreman & Godron 1986) at both fine-filter (threatened species and critical habitats) and coarse-filter (communities and landscapes) levels (Jenkins 1985; Noss 1987) .
Several methods have been used to evaluate the amount of land necessary for the conservation of species and systems. One approach suggests that protecting the land necessary to maintain the largest and widest-ranging species in an ecosystem provides adequate area for the survival of all species. A minimum of 500 individuals is frequently reconlnlended for long-term fitness (Newmark 1985; Soule 1987) . Another approach is to preserve entire functioning ecosystems (Noss 1987) : maintaining a full suite of natural processes at a variety of scales will hypothetically conserve the component species. A third, widely used method employs the speciesarea curve that states, in general, that the more land is Scott et al. (1993;  We used the Alaskan map of Bailey's system of ecoregions (ECOMAP 1993; Bailey et al. 1994) areas are often inferred by relating geological maps to (Flenling 1997) . The AVHRR has been used to evaluate potential natural vegetation "series" groupings, as mapped vegetation spatial patterns in the conterminous United by Kuchler (1964) .
States (Loveland et al. 1991 used to develop this map are described by Fleming (1997). Twenty vegetation classes and two nonvegetation classes were derived from the NOAA-I1 AVHRR data. We excluded two categories from the discussion ("1990 fires" and "1991 fires, aufies [areas of river ice flow], and rivers") because they are transitory habitats or insufficiently recorded at our level of resolution.
The two rarest categories of vascular plants in Alaska were also included in the analysis. For plants, a G1 species is "critically imperiled globally," with five or fewer occurrences, very few individuals, or "because of some factor in its biology making it especially vulnerable to extinction." A G2 species is "imperiled globally," with either 6-20 occurrences or "because of other factors demonstrably making it very vulnerable to extinction throughout its range" (Lipkin & Murray 1998). Locations were compiled from data of the Biological Conservation Database of the Alaska Natural Heritage Program, University of Alaska Anchorage (unpublished data). Herbaria collections, principally from the Museum of the University of Alaska Fairbanks, form the basis for many of the locations. Plant collection points were used to create a spatial data layer by means of Arc/Info software. Each data point was buffered to represent the precision and accuracy of the source data, then the final polygon coverage was used for the overlay analysis with the landstatus coverage.
Results
Of Alaska's 1,487,122 km2 (Fig. l a & lb) , <1% is status 1, strictly protected; 18.7% is status 2, protected; 26.3% is status 3, multiple use, moderately protected; and 55.0% is status 4, unprotected. At the state level, the 18.7% of lands in status 1 and 2 exceeds the suggested minimum level of 12% (Conservation of Arctic Flora and Fauna 1994); but, the distribution of this coverage is uneven when examined at a finer scale.
Of Alaska's 28 ecoregions, 15, representing 63.4% of the state's area, still lack sufficient protection (12% of their area) in status 1 and 2 protected areas (Table 2 ; Fig.  2a & 2b) . These include the Arctic Coastal Plain (3.3% of the state; 0% of the ecoregion protected as status 1 and 2 lands), Copper River Basin (1.0% of the state; 5.3% protected), Upper Yukon Highlands (11.7% of state; 6.4% protected), and Cook Inlet Lowlands (1.6% of state; 1 1.5 % protected). In contrast, the two main ecoregions of the Table I .
Tongass National Forest, the Northern Alexander ArchiFor land cover, 8 of 21 Alaskan vegetation-cover types, pelago (1.0% of the state; 29.2% of the ecoregion prorepresenting 33% of the state, are insufficiently repretected), and Southern Alexander Archipelago (1 2% of sented (< 12% protected) in status 1 and 2 lands (Table 3; the state; 21.9% of the ecoregion protected), are well Fig. 3a & 3b) . The two most ecologically severe environabove the 12% level.
ments, "permanent ice and snow" (6.9% of the state; 6.9 Table I . 51.4% protected) and "alpine tundra and barrens" (8.8% of the state; 41.9% protected), enjoy the highest percent protection. In contrast, 5 of the 8 forest-cover types (24.9% of the state) have <12% protection in status 1 and 2 areas. Only 3 forest types, "closed mixed forest" (0.3% of the state; 15.8% protected), "closed spruce and hemlock" (3.7% of the state; 21.6% protected), and "closed spruce forest" (0.06% of the state; 13.5% protected) are adequately represented on status 1 and 2 lands. For the 28 rare plant species, on average only 27% of occurrences fell within status 1 and 2 lands (Table 4) , 17% on status 3 lands, and 44% on unprotected status 4 lands ( Table 4 , Fig. 4a & 4b) . Two species occurred only on status 1 and 2 lands; 5 occurred only on unprotected status 4 lands. Only 7 of the 28 species had 50% or more of their occurrences on status 1 and 2 lands.
*The Aleutian Islands were not included in this analysis. Status designations defined in

Discussion
Several factors may affect the results of this study. First, our categories of protection are relatively coarse. There is a spectrum of protection even within the ranks we a s signed. We chose to rank status by restrictions to future development. An analysis of current land use would show a different picture in that more than 99% of Alaska is still undeveloped. Second, ecoregions, cover type, and rare plant species may not be adequate surrogates for biodiversity. Further analysis would require consideration of biotic-abiotic interactions (Mills et al. 1993; Bourgeron et al. 1994) , modeling of the distribution and population dynamics of animal species (Edwards et al. 1995) , and information on the scale of ecological processes and the historical range of ecosystem variability (Morgan et al. 1994 ). In addition, except for rare mammals and vascular plants, as well as a few small groups like butterflies (Lepidoptera), we know too little of Alaska's biodiversity to include most species groups in this analysis. This also limits the scale at which analyses can be performed. Third, ecoregions are relatively crude designations. Although a large percentage of an individual ecoregion may be protected, this does not ensure that the biologically most important sites are included. Much of the diversity or the critical ecological processes may be present on the remaining land with no protection. In addition, although protected areas may cumulatively represent more than 12%, they may individually be too small to be effective at conserving species. Fourth, coarse-scale vegetation maps are simplistic and can mis guide research and management if ecological events or species actually operate at finer scales (Davis et al. 1994) . Fifth, the plant data are based on known occurrences, but many of the species have been little studied and may yet be discovered in additional localities. The analysis thus may suffer from small sample sizes. Protected areas such as parks, however, are often better sur- veyed than unprotected areas, so the protected status of some plant species may actually be overrepresented in this analysis. Sixth, not all ecosystems are equal; some may have much more biodiversity (e.g., Schoen et al. 1981; Stokland 1997) , so preserving 12% by area may yield differing efficiencies between ecoregions. Finally, the arbitrary 12% value may be too low to effectively conserve biodiversity at the scale of centuries. Given these caveats, this is a "first-cut" analysis of the degree of protection of Alaska's biodiversity. The results, whether measured by ecoregion, cover type, or rare plants, show that a large proportion of Alaska's biodiversity remains unprotected at present, even at a modest 12% level. Ecoregions representing over 60% of Alaska are underrepresented in status 1 and 2 lands. Four of the ecoregions facing the most immediate prospects of development, the Arctic Coastal Plain, the Copper River Basin, the Upper Yukon Highlands, and Cook Inlet Lowlands, have <12% of their areas in highly protected status. Vegetation-cover types representing over 40% of the state's area are also underrepresented. Forested areas outside southeast Alaska are underrepresented in status 1 and 2 areas. Over 75% of Alaska's rare plant species have <50% of their known locations on status 1 and 2 lands. Except for Yukon Charley National Park and Preserve, highly protected areas and rare plant locations show little overlap.
This analysis does not involve federally listed endangered species and it generates no immediate regulatory or legal concerns. Instead it is perhaps best seen as an early warning that significant biodiversity issues, such as endangered species, are likely to emerge in the future, especially in those areas undergoing development, but with low protection levels.
There are two ways these data could be incorporated into planning for Alaska's future. They could be ignored, and future conflicts over biodiversity could be fought out in the political sphere. Given the recent political battles over logging levels in the Tongass National Forest and oil exploration in the Arctic National Wildlife Refuge and National Petroleum Reserve of Alaska, such political solutions appear to have a high potential for economic and social harm to humans, in addition to damage to biodiversity.
In contrast, a science-based initiative to preserve biodiversity in Alaska could be developed now by refining Table I . the present analysis, addressing the short-comings menonly identlfy the presence of deficiencies in reserve nettioned above, incorporating other plant and animal speworks but provide tools for identifying potential modificacies and significant natural features, and utilizing repretions to networks to make them representative. Davis et sentative reserve techniques (e.g., Bedward et al. 1992; al. (1996) also explore methods to identlfy "biodiversity Davis et al. 1996) . The representativeness methods not management areas" where different levels of protection
